Introduction
Aggregating is one of the most widespread behavioural mechanisms used by marine species to reduce natural predation. On the other hand, this behaviour often facilitates fishing because it concentrates the fish in groups that are easier to detect and catch than are individual fish. An extreme representation of aggregating behaviour is schooling (Shotton 1985) . In fisheries for schooling organisms the capture of fish is only a small part of the fishing operations: searching for schools often represents the largest part of time spent at sea. Populations of schooling fish often show a relationship between stock size and vulnerability to the effects of fishing. As stock size decreases, fewer schools remain and these become more vulnerable to capture. The result is that the proportion of the stock removed by one unit of effort (catchability) increases as the stock size decreases. Unfortunately, schooling behaviour is rarely accounted for during stock assessments; therefore, many schooling stocks suffer from underestimation of the effect of fishing and from overly optimistic management, which often leads to overfishing and stock collapse (Paloheimo and Dickie 1964; Hilborn and Walters 1992) .
In this paper we will refer to schooling only when there is direct evidence that all animals in the group (school) remain close to each other because of continuous behavioural interaction with their neighbours. When such continuous interaction can not be proven we assume that animals remain aggregated because of factors external to the interactions between individuals (e.g. a common and dense food source, or a protected environment). This distinction between schools and aggregations is similar to the one proposed by Shaw (1970) . Aggregating and schooling are not restricted to fish; some marine invertebrates of commercial importance form aggregations e.g. krill and squid. Few penaeids, however, show aggregating behaviour (Lucas et al. 1979) . Dall et al. (1990) report that the group of white shrimp that occurs over muddy sediments (Penaeus setiferus, P. indicus, P. merguiensis and P. chinensis) occasionally show schooling behaviour. In Kuwait, P. semisulcatus sometimes forms aggregations (Van Zalinge 1984) . Unfortunately, little research has been conducted on this aspect of penaeid behaviour, and the work by Munro (1975) and Somers (1977) on P. merguiensis (banana prawn) constitute the only detailed published descriptions of penaeid aggregations.
P. merguiensis is an IndoPacific species harvested by trawl and artisanal fleets from the Persian Gulf to the east coast of Australia (Grey et al. 1983) . In Australia it is harvested from the Exmouth Gulf in the west to northern New South Wales in the east, but most of the catch comes from the Gulf of Carpentaria, the main fishing ground of the Northern Prawn Fishery (NPF). The fishery started in the 1960s when aggregations of P. merguiensis were discovered in the south-eastern Gulf of Carpentaria. At present, 128 vessels target a mixture of prawn species (banana prawns, tiger prawns, endeavour prawns and a few king prawns), and also harvest small quantities of squid, bugs (slipper lobsters), scallops and some fish. Annual prawn catches average ~8000 t whole weight.
The fishing season starts on 1 April. Early in the fishing season, and during the day, the fleet targets banana prawns, which form very dense aggregations. As the banana-prawn catch declines, vessels switch to night-time fishing and start targeting tiger and endeavour prawns with trawl-tows of 34 h duration. The seasonal change in the total number of fishing vessels targeting banana prawns or tiger prawns has been described with a simple exponential model by Somers and Wang (1997) .
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Aggregations of banana prawn sometimes lift the sediments so that they are visible during the day as mud boils that can be seen from long distances, thus lending themselves to aerial spotting. Spotter planes are used for the first two or three weeks of the season, although vessels may search for banana-prawn aggregations for one or two weeks after that. Crews look for aggregations by eye, but also use colour echosounders to identify marks on or above the seabed that show the presence of banana prawns. Once an aggregation is located, vessels shoot either their main gear (twin otter trawls) or their try-gear (4 m wide trawl) to test for the presence of banana prawns. If the catch includes banana prawns the vessel(s) will repeatedly fish the aggregation and track it using the sounder until catches drop to non-economic levels. Trawl-tows are short, often lasting less than 30 min, and trawl nets are set to fish light, i.e. with a large vertical opening and little drag on the bottom (by using floats in the head-rope, twice as many meshes on the sides of the net and long fly-wires). Often, other vessels join in to fish the same aggregation.
The stock of banana prawns has been assessed as being fully exploited since the 1970s (Lucas et al. 1979) and there is no evidence of recruitment overfishing. The long-term annual catch estimated from the median catch over the past 25 years is 4000 t (Die and Taylor 1996) . There is a high year-to-year variation in catches (between 2000 and 8000 t) that has been linked to rainfall within the riverine catchments of the Gulf of Carpentaria (Vance et al. 1985) . Lucas et al. (1979) estimated that in 1971 the fleet harvested 90% of the available stock. Since then, the NPF has changed considerably, one change being a decrease in the relative proportion of banana prawns in the mixed prawn catch. We do not know, however, whether the present fishing fleet is affecting the stock at the same rate as the fleet was in the early 1970s. Neither do we know whether aggregation affects the proportion of the stock harvested by each unit of effort, i.e. whether catchability changes throughout the fishing season.
Given the large influence of the environment on recruitment of common banana prawns, management of this fishery focuses on maximizing the yield obtained from each yearly cohort by controlling when the fishery harvests the stock. The fishery is closed while the banana prawns are small and have not reached adult size.
This paper aims at developing a method to identify common banana-prawn aggregations and investigate the changes in the number and size of these aggregations during the first few weeks of the NPF fishing season. It also compares these changes with those that occur in catch per unit of effort in order to investigate the likely relationship between catchability and stock abundance.
Methods

Data sources
Fishers in the NPF are required to keep logbooks recording information on daily catches by species-group, together with the location of the highest catch (Robins and Somers 1994) . In the 1990s the catch recorded in logbooks represented 95% of the NPF landings. At present, prawn discards are negligible; therefore, logbook catch is assumed to be an accurate estimate of real catch. From 1981 to 1993, it was also possible to record in the logbooks catch data for every trawl-tow. We have trawl-tow data corresponding to 20% of the total fishing days of 199192 and we have assumed that these data constitute a representative sample of all fishing operations in the NPF.
Trawl-tow records contain information on the trawl-tow number, start time, end time and trawl duration of each trawl-tow made during the fishing day. The number of cartons and/or weight of the catch by species group is also recorded. The latitude and longitude of each trawl-tow is recorded with one-minute precision (roughly equivalent to one nautical mile).
In the NPF, fishing days are classified as banana-prawn fishery days if the catch of banana prawns exceeds the catch of all other species groups or if the daily catch is zero (in which case it is assumed that the fisher was searching for banana prawns but did not catch any). During the first month of the fishing season, most fishing days are classified as banana-prawn fishery days because the fleet actively targets banana prawns during the day.
Not all trawl-tows conducted during the peak of the banana-prawn fishery are short, and 40% of banana-prawn fishery trawl-tows are longer than 2 h (Fig. 1 ). This may be because fishing is directed at banana prawns that are not aggregated, or because some nightly trawl-tows are directed at catching tiger prawns. The tiger-prawn fishery trawl-tows during this period clearly last longer than those for the banana-prawn fishery ( Fig. 1) . We selected data corresponding to trawl-tows lasting <1 h that were made during banana-prawn fishery days.
Analysis
To define the characteristics of aggregations of banana prawn and the process of fishing them, we used a six-step process: (1) from the trawl-tow data, we identified aggregations and, in the process, characterized the number of aggregations individual vessels target each day; (2) also from the trawl-tow data, we investigated how much information about the catch made by individual vessels on the largest aggregations was contained in the daily catch records; (3) we used the daily catch records to identify any other vessels that may have fished the aggregations identified in the first step; (4) we estimated the overall size of the aggregation from the combined catch of all vessels that fished a particular aggregation; (5) we compared abundance estimates inferred from catch per unit of effort data with those obtained from aggregation abundance and aggregation-size data; and (6) we investigated prawn densities within aggregations. The number of trawl-tows from the trawl-tow database was raised to the total number of trawl-tows in the fishery by using the ratio of the number of fishing days represented in the trawl-tow data and the total number of fishing days recorded in the logbooks.
Identifying aggregations.
The skippers always record the position of the first trawl-tow of the day, but often neglect to record any position for subsequent trawl-tows. To cope with such incomplete information we assume that subsequent trawl-tows are at the same position, provided either that the depth does not change or that the time interval between winching up and the next trawl-tow is <1 h.
A daily sequence of trawl-tows from a single vessel need not be targeting the same aggregation. We assume that a trawl-tow targets a new aggregation if (a) the time since the start of the last trawl-tow exceeds 4 h or (b) the position changes by more than a minute in either latitude or longitude. The final stage in identifying aggregations is to amalgamate any trawl-tow sequences from two or more vessels that overlap in space and time. We assume that two vessels fished the same aggregation if their trawl-tows have identical position and differ in time by <4 h.
Relating daily catch to aggregations.
We denote C n,d,s as the catch of vessel n in day d for trawl-tow s, and C n,d,. as the daily catch of vessel n. For those vessels that filled daily logbooks only, we know the overall daily catch and the location of the greatest catch. For the vessels that provided trawl-tow records, we also know how many aggregations were fished and the locations of these aggregations. We used the latter group of vessels to estimate the proportion of a vessels total catch that was actually caught at the location of greatest catch, P d,max , These proportions indicate how informative the daily data are about the position and size of aggregations captured.
Identifying other vessels that fished aggregations.
Only the daily logbook data for 1992 were used in this analysis because during 1991 many vessels did not report the location of the greatest catch at the precision (1 minute) required for matching the trawl-tow data. Even in 1992 only half of the vessels that provided their daily catch recorded the position of greatest catch with 1-minute accuracy; the other half recorded it at 6-minute accuracy. This lack of precise information from the latter group meant that their catches could not be directly associated with particular aggregations. On the other hand, for those vessels that did provide precise catch-location information but did not provide trawl-tow data, we did try to allocate their catch to specific aggregations. For vessels where the position of greatest catch (as reported in daily logbooks) coincided with the position of an aggregation identified from the trawl-tow data, we assumed that the vessel was fishing that aggregation.
Size of aggregations.
We assume that each aggregation is completely fished out. The size of an aggregation is, therefore, the total catch from all vessels fishing it. We assume the total catch to be the sum of three components: (a) the catch from the i vessels that provided trawl-tow data; (b) the catch from the j vessels that provided daily data at 1-minute precision; and (c) the catch from the k vessels that provided daily data at 6-minute precision. The first component is simply computed from the sum of the catch of all trawl-tows associated with a given aggregation a:
Given that the daily catch of the j vessels is assumed to correspond to a single aggregation, the second component is the daily catch C n,d,.= C a,n,d,. . Clearly this second component will give an overestimate of the aggregation size because some vessels that provided only daily data may have fished more than one aggregation in a day. To estimate the third component, we first calculated the total grid-level daily catch made by vessels that provided daily data at the 1-minute level, , and at the 6-minute grid level, , where C g,n,d,. denotes the daily catch made by vessel n in the 6-minute grid g. We then estimate, from the data at the 1-minute level, the proportion P a of the total daily grid-level catch assigned to aggregation a:
where C a,g,n,d,. denotes the daily catch made on aggregation a by vessel n in the 6-minute grid g. Finally, we assign proportional fractions of the daily grid catch at the 6-minute level to all aggregations lying in that grid during that day 1 :
Some of the aggregations found in a 6-minute grid may not have been fished by the group of vessels that provided trawl-tow data and would not, therefore, be identified in this analysis. This would also suggest that our overall estimates of aggregation size, are overestimates. This creates a bias in the opposite direction to the bias created by the assumption that aggregations are fished out completely.
Estimation of abundance.
As an estimate of the biomass of aggregated banana prawns, we simply use the catch of all aggregations. Such an index assumes that catch is independent of effort and reflects population biomass. The fishing effort directed to the banana-pawn fishery decreases as the first month of the season proceeds. We believe, however, that the chance of detection of individual aggregations does not decrease, because the available search capacity always exceeds the time required to search through the area (we assume that search effort is heavily saturated). We compared these estimates of abundance and biomass with more traditional measures such as the catch per hour trawled and the catch per day fished. We also estimated densities of prawns within aggregations by combining data on catch rates (kg min 1 ) with data on gear size and prawn size. The volume of water sampled by a banana-prawn net was assumed to be the product of headrope length (m), trawl speed (m min 1 ), trawl duration (winch-up time from logbooks, minus shoot-away time from logbooks, minus 5 min to account for duration of the winching process), and an estimate of the area of the opening of a banana-prawn net (this area is 0.05 (headrope length) 2 ; S. Eayrs, Australian Maritime College, personal communication). The density (number of prawns m 
Results
Identifying aggregations
The data consisted of 1024 records of trawl-tows that targeted aggregations of banana prawns and contained location information corresponding to 510 fishing days. In 282 cases vessels made 1 trawl-tow day 1 , in 80 cases 2, in 61 cases 3, in 52 cases 4, in 20 cases 5 and in 15 cases 6 or more trawltows day 1 .
Aggregation dynamics in penaeid fisheries: P. merguiensis 1 Asterisk denotes that only a subset of vessels is being considered: i.e. only those that did not supply tow by tow data. 
We identified 420 (Fig. 2) aggregations during the initial nine weeks of the fishing season for 1991 and 209 during the same period in 1992. Aggregations occurred within a narrow band along the coast. The geographical range occupied by aggregations did not change as the season progressed or from one year to the next (Fig. 3) . Most (482) vessels made only one trawl-tow per aggregation; in 97 cases a vessel made 2 trawltows through an aggregation, in 44 cases 3, in 33 cases 4, in 7 cases 5 and in 9 cases 6 or more trawl-tows through an aggregation. Most vessels targeted aggregations in the first two weeks of the fishing season, but during the third week most switched to fishing for non aggregated banana prawns (Fig. 4) .
Relating daily catch to aggregations
For 77% of the fishing days, vessels that targeted aggregations fished only one aggregation per day, and on only 7% of the fishing days did vessels fish more than two aggregations per day. Therefore, on 77% of the fishing days the daily catch was made from a single aggregation and the reported location of the daily catch is the aggregations location. In the other cases, part of the catch came from other aggregations and, thus, other locations (Table 1) . For these other days, the catch made at the largest aggregation ranged from 38% to 99% of the total daily catch (Fig. 5) . However, on more than half of these days the catch made at the largest aggregation represented more than 60% of the daily catch. This suggests that our assumption (in the absence of other data) that the whole daily catch was caught at the location of the greatest catch will be correct in 77% of cases. In a further 13% of cases, this assumption will overestimate the catch by up to 40%. In only 10% of cases will the assumption overestimate the catch by more than 40%. Overall, the catch taken at the location of the greatest catch was 90% of the total daily catch of the vessels that provided trawl-tow data (Table 1) .
Identifying other vessels that fished aggregations
For 1992, we identified 206 fishing days on which vessels recorded daily catches and positions at the 1-minute level such that the catch could be associated with one of the aggregations identified by the trawl-tow data. The total catch of banana prawns associated with these fishing days was 189 t, compared with the 105 t already associated with these aggregations from the trawl-tow data. Finally, we allocated an extra 3.5 t of catch to these aggregations from the 20 fishing days on which vessels recorded daily catches only at the 6-minute grid level.
Size and number of aggregations
The aggregation size, identified from trawl-tow data alone in 1991, ranged from less than 10 kg to over 10 t (Fig. 6) . For 1992, the range of aggregation sizes is similar to that in 1991; but this may be largely because many of the larger aggregations identified in 1992 contain daily as well as trawl-tow data (Fig. 6) . The average size of 1992 aggregations that were identified by trawl-tow data only is 50% smaller than the average size of those identified in 1991.
Aggregation size decreased quickly during the initial nine weeks of the fishing seasons (Fig. 6) at an exponential rate equivalent to halving the size every 5 days. The number of aggregations fished also decreased exponentially, halving each week for the first four weeks of the season (Fig. 7) .
Abundance estimation
The catch per day for the first month of the 1977 and the 1991 seasons followed a very similar pattern, whereas the catch per day for the first month of the 1992 season was always smaller (Fig. 8) . In 1977, the catch per day decreased exponentially as a function of time at a rate of 4% per day. Similarly, catch per day decreased by 5% in 1991. These decreases equate to a halving of the catch rate every 1417 days. In contrast, during 1991 the catch per day from aggregations decreased exponentially by 21% per day, therefore halving every three days. This suggests that, during 1991, the abundance of the aggregating banana prawns decreased five to six times faster than that of the entire stock. Similar calculations can be made for the 1992 season.
The duration of trawl-tows is reduced as aggregation densities increase (Fig. 9) . The highest density was estimated to be 167 g m 3 or 6.6 prawns m 3 and densities of 7 g m 3 or 0.35 prawns m 3 were not uncommon (90% percentile).
Discussion
The effect of fishing on the abundance of highly aggregated stocks of mobile species is notoriously difficult to assess unless the relationship between catch per unit of effort and overall abundance is well known. Many authors have investigated this relationship in theoretical terms (Clark and Mangel 1978) and have fitted the resulting population models to their catch per unit of effort data. We, on the other hand, have chosen to describe the dynamics of aggregations of banana prawns. This description may later help to build an empirical model of the relationship between catch per unit of effort and overall abundance. Sharp (1978) investigated the origins of tuna schools of different sizes and described the relationship between primary schools, secondary (those derived from the amalgamation of primary aggregations) and mixed aggregations of Aggregation dynamics in penaeid fisheries: P. merguiensis tuna and dolphins. Sharp associated each purse seine set with a single school. We relaxed this assumption because in the NPF large aggregations of banana prawn can be fished by several trawl-tows and by more than one vessel. Munro (1975) reported that sub-adult P. merguiensis start aggregating when they leave the rivers and that catch rates of 90 kg per 30-min trawl-tow can be achieved, which corresponds to about 9000 small prawns (unfortunately Munro did not report the type of gear used in his work). Between March and September these prawns grow into adults and aggregate actively until late September in waters between 13 and 20 m deep. Aggregations are almost monospecific and remain 1 m above the bottom, as either a 24-m ball or a conical shape. Munro suggested that aggregating tends to occur in slack water conditions, around the neap tides, and he did not find evidence to associate mating or moulting with aggregating behaviour.
Aggregations of banana prawn, although dense in comparison with those of other penaeids, are much less dense than schools of demersal or pelagic fish; whereas arctic cod schools can contain 7090 fish m 3 and 500-600 t ha 1 (Crawford and Jorgenson 1996) and herring schools can contain up to 19 fish m 3 (Misund et al. 1995) , the highest densities estimated for aggregations of banana prawns in the present study are 6.6 prawns m 3 and 3 t ha 1 . Some of the above differences may be because our estimates are likely to be underestimating real density. Trawl gear is always deployed in the water ahead of the aggregation to ensure that the trawl is fully open before it comes in contact with the aggregation. The gear is also left on the bottom for a few minutes after the aggregation has been overtaken by the net. This means that the total volume sampled by the net is greater than the volume of the aggregation that is sampled; thus the density is underestimated.
Prawns grow quickly but the period during which aggregations of banana prawns are targeted is very short (~2.5 weeks). Although it is likely that individual prawn size must increase during this period, the data we have do not include size information that can be used to measure such increase. Therefore, our estimates of prawn densities within aggregations should be considered to represent average densities over the fishing period.
This analysis assumes that the total catch made from an aggregation represents the initial biomass of that aggregation. Future detailed investigation of the catch rate from large aggregations may reveal whether this is a reasonable assumption. Otherwise, echo sounders may be used to determine the size of the aggregation. Robins and Sachse (1994) report a large aggregation detected by echo sounder in April 1974 that was estimated to contain 19 t of banana prawns. This is only twice the size of the largest aggregation detected by us in 199192. NPF skippers estimated that the size of aggregations of banana prawns fished during 1977 ranged from 4 t to 180 t (Somers 1977) . Somers (1994) suggests that, given that 1977 was not a year of record catches, aggregations of up to 400 t are not impossible. Similarly, Lucas et al. (1979) report that aggregations of banana prawns ... typically occupy an area up to several thousand square metres and a total catch of several tonnes although very much greater catches from a single aggregation have been taken.
The banana-prawn catch in 1977 was 6300 t, similar to the 1991 catch of 6700 t and much larger than the 2200 t caught in 1992. Therefore, the biomass of banana prawns in 1977 and 1991 was probably similar. The number of aggregations we identified in 1991 was 420, greater than the estimate of 257 obtained by Somers (1977) for 1977. According to Somers, the modal size of aggregations in 1977 was 4 t, much larger than the modal size of 1 t identified from the 1991 data. It is possible that there were more small aggregations in 1991 than in 1977, but it is also possible that the differences in the size and number of aggregations between the two years are a result of the different methods used in the two analyses.
In the present study we defined aggregations according to the length of the trawl-tow (<1 h) and to whether most of the catch of that day was made up of banana prawns. In 198385, I. F. Somers and D. Carter (see Hill 1994) , during work designed to establish the opening of the fishing season, used a different criterion to define the presence of banana-prawn aggregations: those trawl-tows made with a 6 m try-net where the catch rate was >10 prawns min 1 . This is equivalent to 160 kg 1 of banana prawns per 1 h trawl-tow, which is 23 times larger than the size of the smallest aggregations (~50 kg) identified by us for 199192 (Fig. 6) .
Many other published reports about fisheries for aggregating penaeids report strong stock declines or complete fishery collapses, suggesting that aggregating penaeids are generally prone to over-fishing. During the early years of the prawn fishery in Kuwait, a fishery that used vessels and gear similar to those of the NPF, catch rates were 11004400 kg h 1 for P. semisulcatus, 1201200 kg for Metapenaeus affinis and 225660 kg for Penaeus stylifera (Van Zalinge 1984) . Mathews and Abdul-Ghaffar (1986) , however, suggest that P. semisulcatus aggregations are no longer a feature of the Kuwait fishery, and suggest that this is due both to overfishing and to environmental disturbance.
A small but similar banana-prawn fishery to that of the NPF took place in Exmouth Gulf in Western Australia where aggregations were targeted with the aid of spotter aeroplanes. As in Kuwait, aggregations of banana prawn disappeared from Exmouth Gulf by the end of the 1960s and the daylight fishery for P. merguiensis was replaced by a night-time fishery for P. esculentus and P. latisulcatus (Penn 1984) . There have been declines in fisheries based on aggregating penaeids in the Yellow Sea for P. orientalis (Kristjonsson 1969) , and in Madagascar (Marcelle 1978 ) and southwestern India (Kristjonsson 1969) for P. indicus. Penn (1984) suggests that high effort may alter aggregating behaviour, but acknowledges that this may be an erroneous impression resulting from stock declines.
Our decision to base our aggregation criterion on the length of the trawl-tow reflects the operations of commercial vessels, in that fishers are likely to use short trawl-tows only when they expect that the prawns are highly aggregated. Short trawl-tows allow fishers to steam back quickly to the original location of the aggregation and tow again, prevent nets from bursting and minimize losses of prawn quality because of excessive catch in the codend. A portion of the banana-prawn catch is taken in trawl-tows longer than 1 h during pattern trawling. We assume that this mode of fishing does not target aggregations. According to our trawl-tow data, more than 99.9% of the NPF banana-prawn catch for April 1991 and April 1992 was taken during the banana-prawn fishery (when >50% of the daily catch comprised banana prawns). Twothirds of these banana prawns were caught in aggregations (with trawl-tows <1 h) and one third was caught by pattern trawling (trawl-tows > 1 h). Less than 0.1% of the NPF banana-prawn catch was caught in the tiger-prawn fishery. However, because it is much easier to catch aggregated prawns, the preceding values cannot be used as an indication of the relative contribution of aggregated prawns to the total biomass of the population; inferences about that contribution require further knowledge of the aggregating process itself.
We compared the changes in catch per day for the entire stock of banana prawns with changes in the daily catch of only the aggregating part of that stock. The decrease in biomass of aggregating prawns occurs much faster than the decrease in biomass of the entire stock. This is clearly caused by fishers targeting aggregations. We also compared school size between years of very different overall stock abundance. There were fewer and smaller aggregations in the years of small stock abundance. Yet the geographical extent of the stock does not change within a season or between years in spite of large changes in abundance. What do these observations imply in terms of changes in catchability (the portion of the stock harvested by a unit of effort)?
In the banana-prawn fishery, searching time is the main component of fishing effort. Thus, given that the area of the stock (area to be searched) remains constant, as stock abundance decreases the probability of finding an aggregation decreases. Two more factors come into play: first the size of aggregations decreases as stock abundance decreases; and second the fleet progressively switches from targeting aggregations to targeting the non-aggregated part of the stock. The end result is that catchability must decrease significantly as the stock size decreases.
The relationship between aggregation size and total biomass has been shown to be crucial in determining the effect of fishing on a harvested stock (Clark and Mangel 1978) . Many authors suggest that the inverse relation between catchability and stock size is a general phenomenon of all fisheries and not solely of pelagic stocks (Condrey 1984; Winters and Wheeler 1985; Crecco and Overholtz 1990) . This relationship between catchability and stock size has not been proved for prawn stocks in the NPF. To date, all stock assessments made on NPF stocks, including the recent work by Wang and Die (1996) on tiger-prawn stocks, have assumed that catchability was constant and independent of stock size. The present study suggests that, in the NPF fishery for banana prawns, fishers targeting of aggregations is likely to result in catchability being directly rather than inversely related to stock size. Therefore, analyses that assumed that catchability was independent of stock size e.g. (Lucas et al. 1979 ) -may not have been appropriate for modelling the effects of fishing on the NPF banana-prawn stock.
This analysis has significant implications for fishery management. The current theory is that the year-to-year variation in the productivity of banana-prawn stocks is not influenced by fishing but rather by environmental changes, and therefore that there is no need to control the level of fishing effort on banana prawns. Although the influence of the environment is clear, it is also possible that the absence of a strong fishery effect is linked to a direct relationship between catchability and stock size. This relation implies that fishing has a smaller proportional effect when stocks are small than when stocks are large, thus making the assessment of the effect of fishing harder than if catchability was independent of stock size. It is therefore important to review the assessment of the effects of fishing on banana-prawn stocks and evaluate again the need to manage these effects.
Another implication of this work relates to the descriptions of the switch between targeting for aggregations and targeting for non-aggregated banana prawns. This information has already been used by the Australian Fisheries Management Authority to grant a two-week exemption (114 April) in the compulsory use of Turtle Excluding Devices to the NPF fleet.
